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@ FCC Riser discharge separation and quench. 

@ In a fluid catalytic cracking (FCC) process the reaction mixture from a riser reactor (40) is rapidly separated 
by separator (50) into a predominantly spent catalyst phase and a predominantly cracked hydrocartxDn phase. 
The separated hydrocarbon is immediately quenched to an unreactive temperature by quench fluid from a 
nozzle (60), the nozzle discharging ah the quench fluid into the separated hydrocarbon but not into the separated 
spent catalyst. An increase in debutanized naphtha yield can be achieved. By avoiding catalyst quenching, heat 
duty is saved in the catalyst regenerator (250). 
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The invention is a process and apparatus for the separation of a catalyst phase fronn a cracked 
hydrocarbon phase in the fluid catalyst cracking (FCC) of hydrocarbon. More particularly, the invention is a 
process and apparatus to reduce post riser cracking of cracked hydrocarbon discharged from a riser 
reactor The invention is also a process and apparatus which heat integrates the riser reactor, and the 

5 catalyst regenerator, thereby reducing the heat duty in a fluid catalyst cracking (FCC) process. 

Fluid catalytic cracking (FCC) processes are known in the art. State of the art connmercial catalytic 
cracking catalysts for these processes are highly active and selective for converting hydrocarbon charge 
stocks to liquid fuel products. With such active catalysts it ts preferable to conduct catalytic cracking 
reactions in a dilute phase transport type reaction system with a relatively short period of contact between 

10 the catalyst and the hydrocarbon feedstock, e.g. 0.2 to 10 seconds. 

The control of short contact times, optimum for state of the art catalysts in dense phase fluidized bed 
reactors is not feasible Consequently, catalytic cracking systems have been developed in which the 
primary cracking reaction is carried out in a transfer line reactor or riser reactor. In such systems, the 
catalyst is dispersed in the hydrocarbon feedstock and passed through an elongated reaction zone at 

15 relatively high velocity. In these transfer line reactor systems, feedstock acts as a carrier for the catalyst. In 
a typical upflow riser reactor, the hydrocarbon vapors move with sufficient velocity as to maintain the 
catalyst particles in suspension with a minimum of back mixing of the catalyst particles with the gaseous 
carrier. Thus development of improved fluid catalytic cracking catalysts has led to the development and 
utilization of reactors in which the reaction is carried out with the solid catalysts particles in a relatively 

20 dilute phase with the catalyst dispersed or suspended in hydrocarbon vapors undergoing reaction, e.g., 
cracking. 

The cracking reactions are conveniently carried out in high velocity transport line reactors wherein the 
catalyst is moved from one vessel to another by the hydrocarbon vapors. Such reactors have become 
known in the art as risers or riser reactors. The catalyst and hydrocarbon mixture passes from the transfer 

25 line reactor into a first separation zone in which hydrocarbon vapors are separated from the catalyst. The 
catalyst particles are then passed into a second separation zone, usually a dense fluidized bed stripping 
zone wherein further separation of hydrocartxDns from the catalyst takes place by stripping the catalyst with 
steam. After separation of hydrocarbons from the catalyst, the catalyst is introduced into a regeneration 
zone where carbonaceous residues are removed by burning with air or other oxygen-containing gas. After 

30 regeneration, hot catalyst from the regeneration zone is reintroduced into the transfer line reactor with fresh 
hydrocartx)n feed. 

As stated, state of the art catalytic cracking catalysts are highly active. With the introduction of these 
highly active catalysts the first separation zone has become a limiting unit operation. When catalyst is not 
rapidly separated from vapor and the vapor quenched once the desired reactions have taken place, the 
35 cracking reactions will continue with the production of less desirable products. Rough-cut cyclones have 
been used as a first separation stage between catalyst and vapor, followed by finer cut cycbnes to remove 
fines from the vapor. 

U.S. Patent 4,664,888 to L. F. Castagnos, Jr. teaches a rough cut catalyst-vapor separator in a fluid 

catalytic cracking process. In the separator a separator surface causes the oil-catalyst mixture to undergo a 
40 180* turn. Catalyst moves toward the separator surface to form a catalytic phase. Vapor is squeezed away 

from the wall fomning a vapor phase. A shave edge maintains the separation. 

U.S. Patents 4,764,268 and 4,624,771 both to P. A. Lane teach a fluid catalytic cracking process. A 

quench fluid is passed into a downstream portion of the riser reactor in the last 10 vol% to prevent 

overcracking of hydrocartx>n products. The quench fluid is inert to crackir>g. e.g. water, steann or a selected 
45 hydrocartx)n. The catalyst and vapor are separated after quenching. An advantageous yiekj of product of a 

desirable octane number is achieved. 

Perry's Chemical Engineers' Handbook, 4th Ed., p. 18-64 teaches fan nozzles. The nozzles fomn a flat 

fan-shaped fluki sheet. The included angle of ttie fan is from 10 deg. to 130 deg. in standard nozzles and 

capacities range from 0.38 to 75.7 litres/minute (0.1 to 20 galiminute). 
60 The invention is an improvement in a fluid catalytic cracking (FCC) process. In an FCC process, a 

hydrocart)on feedstock in suspension with a fluidized catalyst is cracked at catalytic reaction temperature to 

form a mixture of cracked hydrocartwn and spent catalyst. The mixture is separated into separated cracked 

hydrocaft5on and spent catalyst phases. 

The improvement comprises quenching the separated cracked hydrocairtx>n to an unreactive tempera- 
55 ture substantially simultaneously with separating the two phases. The quenching of the separated cracked 

hydrocartxtn is carried out in the absence of quenching spent catalyst. The atisence of quenching spent 

catalyst results in a reduction in heat duty in the catalyst regenerator where cartx)naceous matter is burned 

from the catalyst. 
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Fig. 1 is a diagrammatic arrangement of a fluid catalytic cracking process comprising a riser reactor, 
catalyst separator, reactor vessel and catalyst regenerator. 

Fig. 2 is a schematic side view of a separator/quench apparatus. 

Fig. 3A is an end elevation of a fan nozzle. 
5 Fig. 3B is a longitudinal section through a fan nozzle showing a first spray configuration. 

Fig. 3C is a longitudinal section through a fan nozzle showing a second spray configuration. 

Reference is made to Fig. 1 which is representative of an apparatus for contacting a hydrocarbon 
feedstock with finely divided ftuidized catalyst in riser reactor 40 at catalytic cracking conditions. A clean, 
freshly regenerated catalyst is delivered from regenerated catalyst standpipe 270 into the lower portion of 
w nser reactor 40. The regenerated catalyst has a carbon content less than about 0.1 wt% and an ASTM 
microactivity of 60 to 70. As the catalyst entersthe riser, its temperature decreases from 760 'C to 700 *C 
by the addition of a fluidization medium delivered by line 20. The fluidization medium may be steam, 
nitrogen or low molecular weight hydrocarbons such as methane, ethane, ethylene or fuel gas. The amount 
of fluidization medium must be sufficient to fluidize the fluid zeolite catalyst in the base of riser 40 above 
75 the minimum fluidization velocity to move the catalyst toward the injection point of the hydrocarbon oil A 
liquid feedstock, such as vacuum gas oil, atmospheric residuum, deasphalted oil or combinations thereof, 
having a boiling range of about 200 * C to 540 • C, is heated and delivered to riser reactor 40 through conduit 
30. The feedstock enters the riser by way of an injection nozzle (not shown) which may be a single nozzle 
or an arrangement of more than one nozzle which mixes oil and catalyst quickly and completely after 
20 injection. The amount of catalyst circulated must be enough to completely vaporize the oil and be sufficient 
to crack the feedstock to a slate of products which when corrected to room temperature include gases, low 
boiling liquids and fuel boiling range liquids such as gasoline and light cycle gas oil. The mixture of 
products and unconverted gas oil vapor have sufficient velocity to transport the fluid catalyst upwardly 
through the riser 40. 

26 The riser conversion zone comprises the internal volume of the riser from the lower injection point to 
separator/quencher 50 including transitional conduit 49 and discharge conduit 52. Separator/quencher 50 is 
close coupled with riser 40 so that all of the reaction mixture from the riser reactor flows into it. Separated 
hydrocart)on vapor passes into reactor vessel 120. From there, hydrocarbon vapor passes into secondary 
cyclone 110. plenum 121 and is transported through conduit 125 to fractionation and purification means (not 

30 shown). Separated catalyst from separator/quencher 50 and catalyst from secondary cyclone 110 falls to a 
lower portion of the reactor vessel 120 through dipleg 111. The dipleg is sealed by means such as J-valves. 
trickle valves, flapper valves (not shown). 

The catalyst flows into the stripping zone 130 containing baffles 135 or other means to contact the 
catalyst and stripping gas. The stripping gas may be nitrogen, steam or other suitable material delivered by 

36 conduit 160 to distributor 161, Distributor 161 uniformly disperses the stripping gas into the stripping zone 
130 and removes volatile and volatizable hydrocartxjns. A hotter catalyst temperature in stripping zone 30 
increases the amount of hydrocarbon volatized and stripped from the catalyst. The hydrocarbons stripped 
from the catalyst and stripping gas flow out of reactor vessel 120 with the product vapors through 
secondary cyclone separator 110, plenum 121 and conduit 125. 

40 The stripped catalyst leaves stripping zone 130 and is delivered to the regenerator 250 by way of spent 
catalyst standpipe 165. The regenerator 250 contains a lower dense phase bed of catalyst and an upper 
dilute phase of catalyst. Catalyst is uniformly distributed across the upper surface of the dense phase bed. 
Most of the coke is removed in the dense phase bed. A combustion medium of air or oxygen and nitrogen 
is delivered by conduit 260 to a distribution device 261 to mix combustion medium and coked catalyst. 

46 Coke is bumed from the catalyst to give a flue gas containing amounts of CO2. SO2, and NO,. The 
combustion of the coke to CO2 is preferably carried out at a regenerator temperature above about 650 'C 
and below about 760 ^C in the presence of a combustion promoter such as platinum residing on the 
catalyst so that 0.1 wt% or less residual cartoon is left on the catalyst. The flue gas passes through the 
regenerator dilute phase, cyclone 225. plenum 226 and flue gas line 227 for further processing. As the flue 

60 gas passes through the cyctone. catalyst is separated and retumed to the dense bed by way of dipleg 228. 
The regenerated catalyst flows from the dense bed to standpipe 270. Slide valve 275 regulates the flow of 
regenerated catalyst from standpipe 270 to riser 40. 

Refererrce is made to Fig. 2. a schematic representation of separator/quencher 50. 

A catalyst and cracked hydrocarbon mixture flows through discharge conduit 52 which directs the 

55 mixture toward centrifugal separator wall 54. Centrifugal separator wall 54 is geometrically described by 
one-quarter of a circle in the vertical plane parallel to the surface of the paper. The radius of the circle is 
substantially larger than the radius of discharge conduit 52. The center of the circle is point 55. In this 
representation, the radius is approximately five times the radius of discharge conduit 52. This relatively 
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large axis of rotation causes a deflection of the nnixture from flow in the horizontal direction to downward 

flow. This change in direction also causes the centrifugal disengagement or separation of the streanntnto a 

downwardly flowing predominantly catalyst phase which is in contact with wall 54 and a predominantly 

cracked vapor phase, spaced from the wall 54. 
5 Quench fluid is introduced via quench line 57 and valve 58 into separator/quencher 50. The quench 

fluid is discharged into the predominately cracked vapor phase by means of nozzle 60. 

Figs. 3A. 3B and 3C are three views of nozzle 60 and the spray pattern of quench fluid it produces in 

separator/quencher 50. The spray pattern is critical to the invention. Substantially all of the quench fluid 

spray must remain in the cracked vapor phase and not cross into the catalyst phase before the quench fluid 
w is vaporized. Nozzles which produce such a spray pattern are commercially available. Fish tail nozzles and 

fan nozzles produce a relatively flat sheet or flat ellipse of spray which is well defined. The spray is so well 

defined that the nozzle is selected for the exact spray angle in both dimensions. 

A fan nozzle produces a flat sheet of spray in an elliptical spray pattern. The sheet becomes thinner 

with distance from the nozzle. Surface tension causes the thin sheets to break up into droplets at a distance 
15 from the nozzle. 

Fan nozzles which produce spray angles of 10' to 110' are commerciaily available. It is characteristic 
of fan nozzles that sheets of very uniform thickness are formed at included angles of 50* to 10*. At larger 
included angles two separate streams called horns are produced with liquid sheets connecting the horns. 
These horns have much less surface area than the sheets and may remain in the liquid state long enough 

20 to contact hot catalyst, which is undesirable because of quenching. 

The nozzles which produce more uniform sheets of quench fluid also produce the narrow pattern 
required to avoid impingement of the catalyst phase with quench fluid. The fan nozzle is therefore oriented 
so that the long axis of the ellipse is perpendicular to the cracked hydrocartxjn-catalyst interface. The short 
axis is perpendicular with the interface. The long axis has an included angle 62 of 50 * in Fig. 3B. The short 

25 axis has an included angle 64 of 10* in Fig. 3C. 

When hydrocarbon fractions are catalytically cracked, the most desirable products are debutanized 
naphtha with an end point abovX 220 'C (gasoline) and light cycle gas oil boiling from 220 'C to about 
355 • C. The highest yield of these fractions is achieved by cracking at fluid catalytic cracking conditions at 
a temperature in the range 480 * C to 590 • C. preferably 510'C to 540'C for 0.5 to 1.5 seconds and then 

30 terminating the cracking reaction at the riser outlet. The cracking reaction is terminated at temperatures of 
about 500 • C and less defined herein as an unreactive temperature. When the cracking reaction continues 
for even short periods of time past the optimum, the yield of the most desirable products decreases. The 
decrease in desirable products is attributed to an increase in the dry (hydrocartxxi) gas make. 

Attempts have been made to improve the separation of catalyst and hydrocart>on product in order to 

35 stop the catalytic cracking reaction. The yield of desirable products has been increased, but these are 
increments of yield to be gained by terminating thermal cracking reactions as well as catalytic cracking 
reactions. 

Methods of quenching riser reactor effluent have included quenching the entire hydrocartX)n-catalyst 
mixture. The portion of the quench which is used on the catalyst must be made up in the regenerator. 
40 Therefore the heat to quench the catalyst is lost to the catalyst regeneration stage and the same amount of 
heat must be added to the catalyst regenerator. To make up this heat, torch oil is added directly to the 
catalyst regenerator to raise the regenerator to the desired regeneration temperature. This torch oil can be 
reduced or even eliminated if the quenching of catalyst is avoided. 

This invention is shown by way of example. 

45 

EXAMPLE 

A computer simulation of a commercial fluid catalytic cracking unit such as that shown in Fig. 1 was 
made based on correlations of operating data taken from a commercial process. Two simulation runs are 

60 reported in Table 1. Run 1 gives the product yields and conversfon from the rapid separation of 
hydrocartwn product from catalyst in the absence of quench. Run 2 gives the product yields and 
conversion when the hydrocartwn product was rapidly separated from catalyst and then quenched. 
Quenching in Run 2 yielded the same amount of total gas to the comp>ressor as Run 1 but less total dry 
gas. This allowed for an inaeased feed rate in Run 2 at constant gas compressor loading (total gas to 

66 compressor). 

The data shows that the conversion of feedstock decreased while the yield of debutanized naphtha (DB 
naph) increased with quenching. This is attributed to the reduction in overcracking. 
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API Gravity 
Sulfur 

Carbon Residue 

Operating 
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Fresh Feed Rate 

Throughput Ratio 

Feed Preheat 

Riser Outlet 

Amount of Quench 

Regenerator Bed 

Conversion 
430°F 
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TABLE 1 

Run 1 
(Comparative) 

1.71 Wt% 
0.25 Wt% 



29400 B/D 
1 . 07 

529*'C 

vaa'^c 

73.55 Vol% 



Run 2 

19° 

1.71 Wt% 
0.25 Wt% 



32600 B/D 

1. 07 

250^C 

529*»C 

28*'C 

723'»C 

72.34 Vol^ 



1 B/D (barrel per day) = 159 litres per day 
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Run 1 
(Comparative) 



Run 2 



w 



20 



25 



35 



40 



45 



Yields: Perfect 
Fractionation 

H2 
CI 

C2 

C2 Olefin 

Total Dry Gas 
H2-C2 Olefin 

C3 

C3 Olefin 

iC4 

nC4 

C4 Olefin 

Total C3-C4 

Total C3-C4 
Olef ins 

Total Gas to 

Compressor 
H2S-C4 Olefin 
Lb-Mol/hr 

Lt. Naph 

Hvy. Naph 

DB Naph 

LCGO 

HCGO 

Coke 

DB Naph RON 

Octane- 
bbl/hr 



Vol% 



2 .49 
7.81 
2 .97 
1 . 56 
7.49 
22 .32 
15-30 



37.32 
22.35 
59.67 
17.87 
8.58 



Wt% 

0.80 

0. 09 

1. 69 
1.55 
1.20 
4 . 53 

1.34 
4 . 32 
1.78 
0.97 
4 .83 
13 . 24 
9.15 



2, 161 

27.20 
19.77 
46.97 
18.54 
10.53 
5.39 
93.7 
68,491 



Vol% 



2 . 38 
7.50 
2.76 
1.50 
7.20 
21.34 
14 .70 



37.77 
22.61 
60.38 
19.57 
8.09 



Wt% 

0.81 
0. 09 
1 .34 
1.24 
0.97 

3 . 64 

1.28 

4 .15 
1.65 
0.93 
4 . 64 
12.65 
8.79 



2, 164 

27 . 53 
20.00 
47.53 
20.26 
9.84 
5-27 
93.4 
76, 603 



60 



55 



6 



EP 0 593 823 A1 



75 



Carbon Residue - 

DB Naph 

Lt. Naph 

Hvy. Naph 

LCGO 

HCGO 

RON 

B/D 



Conradson Carbon Residue 
ASTM D-4530-85 



debutanized naphtha 
light naphtha 
heavy naphtha 
light cycle gas oil 
heavy cycle gas oil 
research octane number 

barrels/day (1 B/D = 159 litres/day) 



05- 221°C 
C5- 121°C 
121^0 - 221°C 
221°C - 343*^0 
343°C - 565°C 



White particular embodiments of the invention have been described, it will be understood that the 
20 invention is not limited thereto since modifications may be made and it is therefore contemplated to cover 
by the appended claims any such modifications as full within the spirit and scope of the claims. 

Claims 

25 1. A fluid catalytic cracking process comprising: 

cracking a hydrocarbon feedstock in suspension with a fluidized catalyst at a catalytic reaction 
temperature to form a mixture of cracked hydrocarbon and spent catalyst; and 

separating said mixture into predominantly cracked hydrocarbon and predominantly spent catalyst; 
characterized by: 

30 substantially simultaneously with separating said mixture, quenching said separated cracked 

hydrocarbon to an unreactive temperature, but not quenching said separated spent catalyst. 

2. A process according to claim 1 characterized by regenerating said spent catalyst at a regeneration 
temperature above said catalytic reaction temperature to yield regenerated catalyst, and passing said 

35 regenerated catalyst for use in said cracking step. 

3. A process according to claim 2 characterized in that said regeneration temperature is in the range of 
substantially 650 • C to 760 • C. 

40 4, A process according to any one of claims 1 to 3 characterized in that said quenching step does not 
precede said separating step. 

5. A process according to any one of claims 1 to 4 characterized in that said catalytic reaction 
temperature is in the range of substantially 510 • C to 540 • C. 

45 

6. A process according to any one of claims 1 to 5 characterized in that said unreactive temperature is at 
least 22 • C below said catalytic reaction temperature. 

7. A process according to claim 6 characterized in that said unreactive temperature is about 22*C to 
50 28 * C below said catalytic reaction temperature. 



a Apparatus for the fluid catalytic cracking of a hydrocartx)n feedstock comprising: 

a riser conversion zone defined by a vertically elor>gate tubular conduit (40) having a lower 
upstream end (30) and an upper downstream end (49), said downstream end terminating within a 
65 reactor vessel (120); 

means (20.30) for providing a suspension of hydrocarix>n feedstock and catalyst at the upstream 
end (30) of said riser conversion zone to produce a mixture of spent catalyst and cracked hydrocart)on 
discharging from the downstream end (49) of said riser conversion zone; and 
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a first conduit (52) directly connecting the downstreann end (49) of said riser conversion zone to a 
separator (50), 

characterized in that; 

said separator (50) connprises: 

a separation surface (54) curved and positioned to cause said nntxture to flow therealong thereby 
centrifugally separating said nnixture into a predonninantly spent catalytic phase in contact with the 
separation surface (54) and a predominantly cracked hydrocarbon phase spaced fronn said surface, and 

a second conduit (57) for providing a quench fluid to a nozzle (60) having a discharge pattern 
causing discharge of substantially all of said quench fluid into said separated cracked hydrocarbon 
phase. 
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Description 

The invention is a process and apparatus tor the separation of a catalyst phase from a cracked hydrocarbon phase 
in the fluid catalyst cracking (FCC) of hydrocarbon. More particularly the invention is a process and apparatus to reduce 

5 post riser cracking of cracked hydrocarbon discharged from a riser reactor The invention is also a process and appa- 
ratus which heat integrates the riser reactor, and the catalyst regenerator, thereby reducing the heat duty in a fluid 
catalyst cracking (FCC) process 

Fluid catalytic cracking (FCC) processes are known in the art State of the art commercial catalytic cracking cat- 
alysts for these processes are highly active and selective for converting hydrocarbon charge stocks to liquid fuel prod- 

10 ucts With such active catalysts it is preferable to conduct catalytic cracking reactions in a dilute phase transport type 
reaction system with a relatively short period of contact between the catalyst and the hydrocarbon feedstock, e g. 0.2 
to 10 seconds 

The control of short contact times, optimum for state of the art catalysts in dense phase fluidized bed reactors is 
not feasible Consequently, catalytic cracking systems have been developed in which the primary cracking reaction is 

'5 carried out in a transfer line reactor or riser reactor In such systems, the catalyst is dispersed in the hydrocarbon 
feedstock and passed through an elongated reaction zone at relatively high velocity In these transfer line reactor 
systems, feedstock acts as a carrier for the catalyst. In a typical upflow hser reactor, the hydrocarbon vapors move 
with sufficient velocity as to maintain the catalyst particles in suspension with a minimum of back mixing of the catalyst 
particles with the gaseous carrier Thus development of improved fluid catalytic cracking catalysts has led to the de- 

20 velopment and utilization of reactors in which the reaction is carried out with the solid catalysts particles in a relatrvsly 
dilute phase with the catalyst dispersed or suspended in hydrocarbon vapors undergoing reaction, e.g., cracking. 

The cracking reactions are conveniently carried out in high velocity transport line reactors wherein the catalyst is 
moved from one vessel to another by the hydrocarbon vapors. Such reactors have become known in the art as risers 
or riser reactors The catalyst and hydrocarbon mixture passes from the transfer line reactor into a first separation zone 

25 in which hydrocarbon vapors are separated from the catalyst. The catalyst particles are then passed into a second 
separation zone, usually a dense fluidized bed stripping zone wherein further separation of hydrocarbons from the 
catalyst takes place by stripping the catalyst with steam After separation of hydrocarbons from the catalyst, the catalyst 
is introduced into a regeneration zone where carbonaceous residues are removed by burning with air or other oxygen- 
containing gas. After regeneration, hot catalyst from the regeneration zone is reintroduced into the transfer line reactor 

30 with fresh hydrocarbon feed. 

As stated, state of the art catalytic cracking catalysts are highly active. With the introduction of these highly active 
catalysts the first separation zone has become a limiting unit operation. When catalyst is not rapidly separated from 
vapor and the vapor quenched once the desired reactions have taken place, the cracking reactk>ns will continue with 
the production of less desirable products. Rough-cut cyclones have been used as a first separation stage between 

3S catalyst and vapor, followed by finer cut cyclones to renrx^ve fines from the vapor 

U.S. Patent 4,664.888 to L. F. Castagnos, Jr. teaches a rough cut catalyst-vapor separator in a fluid catalytic 
cracking process. In the separator a separator surface causes the oil -catalyst mixture to undergo a 1 80** turn. Catalyst 
moves toward the separator surface to form a catalytic phase. Vapor is squeezed away from the wall forming a vapor 
phase. A shave edge maintains the separation. 

40 U.S. Patents 4,764,268 and 4.624,771 both to P. A. Lane teach a fluid catalytic cracking process. A quench fluid 

is passed into a downstream portion of the riser reactor in the last 10 vol% to prevent overcracking of hydrocarbon 
products. The quench fluid is inert to cracking, e.g. water, steam or a selected hydrocarbon. The catalyst and vapor 
are separated after quenching. An advantageous yield of product of a desirable octane number is achieved. 

Perry's Chemical Engineers' Handbook, 4th Ed. . p. 1 8-64 teaches fan nozzles. The nozzles form a flat fan-shaped 

4S fluid sheet. The irwluded angle of the fan is from 10 deg. to 1 30 deg. in standard nozzles and capacities range from 
0.38 to 75.7 litres/ minute (0.1 to 20 gal./minute). 

The inventk>n is an improvement in a flukj catalytic cracking (FCC) process. In an FCC process, a hydrocarbon 
feedstock in suspension with a fluidized catalyst is cracked at catalytk; reaction temperature to form a mixture of cracked 
hydrocarbon and spent catalyst. The mixture is separated into separated cracked hydrocarbon and spent catalyst 

so phases. 

The improvement connprises quenching the separated cracked hydrocartxxi to an unreactive temperature corKur- 
rently with separating the two phases. The quenching of the separated cracked hydrocartxxi is carried out In the ab- 
sence of quenching spent catalyst. The absence of quenching spent catalyst results in a reduction in heat duty in the 
catalyst regenerator where carbonaceous nnatter is bumed from the catalyst. 
55 Fig. 1 is a diagrammatic an-angement of a flukJ catalytk; cracking process comprising a riser reactor, catalyst 

separator, reactor vessel and catalyst regenerator 

Fig. 2 is a schematic side view of a separator/quench apparatus. 

Fig. 3A is an end elevatkxi of a fan nozzle. 
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Fig 3B IS a longitudinal section through a fan nozzle showing a first spray configuration 
Fig. 3C IS a longitudinal section through a fan nozzle showing a second spray configuration 
Reference is nnade to Fig 1 which is representative of an apparatus for contacting a hydrocarbon feedstock with 
finely divided fluidized catalyst in riser reactor 40 at catalytic cracking conditions A clean, freshly regenerated catalyst 

5 IS delivered from regenerated catalyst standpipe 270 into the lower portion of riser reactor 40 The regenerated catalyst 
has a carbon content less than about 0 1 vA% and an ASTM microactivity of 60 to 70 As the catalyst entersthe riser 
Its temperature decreases from 760°C to 700°C by the addition of a fluidization medium deltvered by line 20 The 
fluidization medium may be steam, nitrogen or low molecular weight hydrocarbons such as methane, ethane, ethylene 
or fuel gas. The amount of fluidization medium must be sufficient to fluidize the fluid zeolite catalyst in the base of riser 

TO 40 above the minimum fluidization velocity to move the catalyst toward the injection point of the hydrocarbon oil A 
liquid feedstock, such as vacuum gas oil, atmospheric residuum deasphalted oil or combinations thereof, having a 
boiling range of about 200°C to 540°C, is heated and delivered to riser reactor 40 through conduit 30 The feedstock 
enters the nser by way of an injection nozzle (not shown) which may be a single nozzle or an arrangement of more 
than one nozzle which mixes oil and catalyst quickly and completely after injection The amount of catalyst circulated 

^5 must be enough to completely vaporize the oil and be sufficient to crack the feedstock to a slate of products which 
when corrected to room temperature include gases, low boiling liquids and fuel boiling range liquids such as gasoline 
and light cycle gas oil. The mixture of products and unconverted gas oil vapor have sufficient velocity to transport the 
fluid catalyst upwardly through the riser 40. 

The riser conversk^n zone comprises the internal volume of the riser from the lower injection point to separator/ 

20 quencher 50 including transitional conduit 49 and discharge conduit 52. Separator/quencher 50 is close coupled with 
riser 40 so that all of the reaction mixture from the riser reactor flows into ft. Separated hydrocarbon vapor passes into 
reactor vessel 120 From there, hydrocarbon vapor passes into secondary cyclone 110, plenum 121 and is transported 
through conduit 1 25 to fractionation and purification means (not shown). Separated catalyst from separator/quencher 
50 and catalyst from secondary cyclone 110 falls to a lower portion of the reactor vessel 120 through dipleg 11 1 . The 

25 dipleg is sealed by means such as J-valves. trickle valves, flapper valves (not shown). 

The catalyst flows into the stripping zone 130 containing baffles 135 or other means to contact the catalyst and 
stripping gas. The stripping gas may be nitrogen, steam or other suitable material delivered by conduit 160 to distributor 
161 . Distributor 161 uniformly disperses the stripping gas into the stripping zone 130 and removes volatile and vola- 
tizable hydrocarbons. A hotter catalyst temperature in stripping zone 30 increases the amount of hydrocarbon volatized 

30 and stripped from the catalyst. The hydrocarbons stripped from the catalyst and stripping gas flow out of reactor vessel 
120 with the product vapors through secondary cycbne separator 110, plenum 121 and conduit 125. 

The stripped catalyst leaves stripping zone 1 30 and is delivered to the regenerator 250 by way of spent catalyst 
standpipe 1 65. The regenerator 250 contains a lower dense phase bed of catalyst and an upper dilute phase of catalyst 
Catalyst is uniformly distributed across the upper surface of the dense phase bed. Most of the coke is removed in the 

3S dense phase bed. A combustion medium of air or oxygen and nitrogen is delivered by conduit 260 to a distributkxi 
device 261 to mix combustion medium and coked catalyst. Coke is bumed from the catalyst to give a flue gas containing 
amounts of CO2, SO2, and NO^. The combustion of the coke to CO2 is preferably carried out at a regenerator temper- 
ature above about 650"C and below about 760* C in the presence of a combustk^n promoter such as platinum reskiing 
on the catalyst so that 0. 1 wt% or less reskjual cartxxi is left on the catalyst. The flue gas passes through the regenerator 

^ dilute phase, cyclone 225, plenum 226 and flue gas line 227 for further processing. As the flue gas passes through 
the cyckxie, catalyst is separated and retumed to the dense bed by way of dipleg 228. The regenerated catalyst flows 
from the dense bed to standpipe 270. Slide valve 275 regulates the flow of regenerated catalyst from standpipe 270 
to riser 40. 

Reference is made to Fig. 2. a schemata representatkxi of separator/quencher 50. 

^ A catalyst and cracked hydrocarbon mixture flows through discharge conduit 52 which directs the mixture toward 

centrifugal separator wall 54. Centrifugal separator wall 54 is geometrically described by one-quarter of a circle in the 
vertk:al plane parallel to the surface of the paper The radius of the circle is substantially larger than the radius of 
discharge conduit 52. The center of the circle is point 55. In this representation, the radius is approximately five times 
the radius of discharge coridutt 52. This relatively large axis of rotatkxi causes a deflection of the mixture from flow in 

50 the horizontal directkDn to downward flow. This change in direction also causes the centrifugal disengagement or sep- 
aration of the streaminto a downwardly flowing predomirwntty catalyst phase whfch is in contact with wall 54 and a 
predominantly cracked vapor phase, spaced from the wall 54. 

Quench flukJ is introduced via quench line 57 and valve 58 into separator/quencher 50. The querx:h flukJ is dis- 
charged into the predominately cracked vapor phase by means of nozzle 60. 

55 Figs. 3A, 3B and 3C are three views of nozzle 60 and the spray pattern of quench fluid it produces in separator/ 

quencher 50. The spray pattern Is critrcal to the invention. Substantially all of the quench fluid spray must remain in 
the cracked vapor phase and not cross into the catalyst phase before the quench fluid is vaporized. Nozzles whk:h 
produce such a spray pattern are commercially available. Fish tail nozzles and fan nozzles produce a relatively flat 
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sheet or flat ellipse of spray which is well defined The spray is so woll defined that the nozzle is selected for the exaci 
spray angle in both dimensions 

A fan noz/le produces a flat sheet of spray in an elliptical spray pattern The sheet becomes thinner with distance 
from the nozzle Surface tension causes the thin sheets to break up into droplets at a distance from the nozzle. 
5 Fan nozzles which produce spray angles of 10** to 110° are comf nerciatly available It is characteristic of fan noz/les 

that sheets of very uniform thickness are formed at included angles ct 50*" to 10"* At larger included angles two separate 
streams called horns are produced with liquid sheets connecting th<^ horns These horns have much less surface area 
than the sheets and may remain in the liquid state long enough to < ontact hot catalyst, which is undesirable because 
of quenching. 

w The nozzles which produce more uniform sheets of quench fluid also produce the narrow pattern required to avoid 

impingement of the catalyst phase with quench fluid The fan noz/ie is therefore oriented so that the long axis of the 
ellipse ts perpendicular to the cracked hydrocarbon-catalyst tnterfac(^ The short axis is perpendicular with the interface 
The long axis has an included angle 62 of 50° in Fig 3B, The short axis has an included angle 64 of 10" in Fig. 3C 
When hydrocarbon fractions are catalytically cracked, the most desirable products are debutanized naphtha with 

'5 an end point about 220°C (gasoline) and tight cycle gas oil boiling from 220^C to about 355°C The highest yield of 
these fractions is achieved by cracking at fluid catalytic cracking conditions at a temperature in the range 480°C to 
590°C, preferably 51 C'C to 540**C for 0 5 to 1 .5 seconds and then terminating the cracking reaction at the hser outlet 
The cracking reaction is terminated at temperatures of about 500°C and less defined herein as an unreactive temper- 
ature. When the cracking reaction continues for even short periods of time past the optimum, the yield of the most 

20 desirable products decreases The decrease in desirable products is attributed to an Increase in the dry (hydrocarbon) 
gas make. 

Attempts have been made to improve the separation of catalyst and hydrocarbon product in order to stop the 
catalytic cracking reaction. The yield of desirable products has been increased, but these are increments of yield to 
be gained by terminating thermal cracking reactions as well as catalytic cracking reactions 

25 Methods of quenching riser reactor effluent have included quenching the entire hydrocarbon -catalyst mixture. The 

portion of the quench which is used on the catalyst must be made up in the regenerator. Therefore the heat to quench 
the catalyst is bst to the catalyst regeneratk^n stage and the same amount of heat must be added to the catalyst 
regenerator. To make up this heat, torch oil is added directly to the catalyst regenerator to raise the regenerator to the 
desired regeneration temperature. This torch oil can be reduced or even eliminated if the quenching of catalyst is 

30 avoided 

This invention is shown by way of example. 



EXAMPLE 



35 A computer simulation of a commercial fluid catalytic cracking unit such as that shown in Fig, 1 was made based 

on correlations of operating data taken from a commercial process Two simulation runs are reported in Table 1. Run 
1 gives the product yieWs and conversion from the rapid separation of hydrocartxxi product from catalyst in the absence 
of quench. Run 2 gives the product yields and converskxi when the hydrocarbon product was rapidly separated from 
catalyst and then quenched. Quenching in Run 2 yielded the same amount of total gas to the compressor as Run 1 

^ but less total dry gas. This altowed for an increased feed rate in Run 2 at constant gas compressor loading (total gas 
to compressor). 

The data shows tliat the conversion of feedstock decreased while the yield of debutanized naphtha (DB naph) 
increased with quenching. This is attributed to the reduction in overcracking. 

45 TABLE 1 





Run 1 (Comparative) 


Run 2 


Fresh Feed 


API Gravity 
Sutfur 

Carbon Residue 


19* 

1.71 Wt% 
0.25 Wt% 


19* 

1.71 Wt% 
0.25 Wt% 


Operating Conditions 


Fresh Feed Rate 
Throughput Ratb 
Feed Preheat 


29400 B/D 

1.07 

250°C 


32600 B/D 

1.07 

250'»C 
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TABLE 1 (continued) 







Run 1 (Comparative) 


Run 2 


Operating Conditions 


5 


Riser Outlet 


529° C 


529° C 




Amount of Quench 




28°C 




Regenerator Bed 


733°C 


723° C 




Conversion 430"* F 


73 55 Vol7o 


72.34 Vol% 


W 


1 B/D (barre! per day) 159 litres per day 





Run 1 (Comparative) 


Run 2 


Yields: Perfect Fractionation 


Vol% 


Wt% 


Vol% 


Wt% 


H2S 




0.80 




0 81 


H2 




0.09 




0 09 


CI 




1.69 




1 34 


C2 




1.55 




1 24 


C2 Olefin 




1 20 




0 97 


Total Dry Gas H2-C2 Olefin 




4 53 




3.64 


C3 


2.49 


1 34 


2.38 


1 28 


C3 Olefin 


781 


4 32 


7.50 


4 15 


iC4 


2 97 


1 78 


2 76 


1 65 


nC4 


1.56 


0 97 


1.50 


093 


C4 Olefin 


7.49 


4 83 


7 20 


464 


Total 03-04 


22.32 


13 24 


21 34 


12 65 


Total 03-04 Olefins 


15.30 


9 15 


14 70 


879 


Total Gas to Compressor H2S-C4 Olefin Lb-Mol/hr 




2.161 




2,164 


Lt. Naph 


37.32 


27 20 


37.77 


27 53 


Hvy. Naph 


22.35 


19.77 


22.61 


20.00 


DB Naph 


59.67 


46.97 


60.38 


47 53 


LOGO 


17.87 


18.54 


19.57 


20.26 


HCGO 


8.58 


10.53 


8.09 


9.84 


Coke 




5.39 




5.27 


DB Naph RON 




93.7 




93.4 


Octane-bbl/hr 




68,491 




76.603 



SO 



Carbon Residue - 


Conradson Carbon Residue ASTM D-4530-85 




DB Naph 


debutanized naphtha 


C5- 22rc 


Lt. Naph 


light naphtha 


C5- i2rc 


Hvy. Naph 


heavy naphtha 


i2rc-22rc 


LCGO 


light cycle gas oil 


22rC- 343*0 


HCGO 


heavy cycle gas oil 


343''C - 565*C 


RON 


research octane number 




B/D 


barrels/day (1 B/D = 1 59 litres/day) 





Claims 

1 . A fluid catalytic cracking process comprising: 

cracking a hydrocarbon feedstock in suspension with a fluidized catalyst at a catalytk; reaction temperature 
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to form a mixture of cracked hydrocarbon and spent catalyst, and 

centnfugally separating said mixture in a centrifugal separator into a predominantly cracked hydrocarbon por- 
tion and a predominantly spent catalyst portion, 

5 characterized by 

discharging a quench fluid into said centrifugal separator into said prGdorninantly cracked gas portion but 
not into said predominantly spent catalyst portion 

2. A process according to claim 1 characterized by regenerating said spent catalyst at a regeneration temperature 
10 above said catalytic reaction temperature to yield regonorated catalyst and passing said regenerated catalyst for 

use in said cracking step 

3. A process according to claim 2 characterized in that said regeneration temperature is in the range of substantially 

650°c to yeo^c 

IS 

4. A process according to any one of claims 1 to 3 characterized in that said quenching step does not precede said 
separating step 

5. A process according to any one of claims 1 to 4 characterized tn that said catalytic reaction temperature is in the 
20 range of substantially 51 to 540*C, 

6. A process according to any one of claims 1 to 5 characterized in that said unreactive temperature is at least 22*C 
below said catalytic reaction temperature. 

25 7. A process according to claim 6 characterized in that said unreactive temperature is about 22° C to 28" C below said 
catalytic reaction temperature. 

8. Apparatus for the fluid catalytic cracking of a hydrocarbon feedstock comprising: 

30 a riser conversion zone defined by a vertically elongate tubular conduit (40) having a tower upstream end and 

an upper downstream end (49), said downstream end terminating within a reactor vessel (120); 
means (20,30) for providing a suspenskxi of hydrocarbon feedstock and catalyst at the upstream end of said 
riser conversion zone to produce a mixture of spent catalyst and cracked hydrocarbon discharging from the 
downstream end (49) of said riser conversion zone; and 

35 a first conduit (52) directly connecting the downstream end (49) of said riser conversion zone to a separator 

(50); 

characterized in that: 

^ said separator (50) comprises: 

a curved separation flow channel shaped to cause said mixture to flow therearound including a separatkxi 
surface (54) on the outside of the cun/ed separation flow channel wherein said mixture is centrifugally sepa- 
rated into a predominantly spent catalytic phase in contact with the separation surface (54) and a predominantly 
cracked hydrocartxDn phase spaced from said surface and on the inside of the curved separation flow channel; 

45 and 

a second conduit (57) for providing a quench fluid to a nozzle (60) located on the inside of the curved separation 
flow channel into the cracked hydrocarbon phase and having a discharge pattern causing discharge of sub- 
stantially all of satd quench fluk:! into said separated cracked hydrocaftx>n phase. 

so 

Patentanspruche 

1. FlleRkatalysator-Crackingverfahren. umfassend: 

55 Cracken eines Kohlenwasserstoff-Ausgangsmaterials in Suspension mit einem fluidisierten Katatysator mit 

einer katalytischen Reaktionstemperatur zur Bildung eines Gemisches aus gecracktem Kohlenwasserstoff 
und verbrauchtem Katalysator; und 

Schleudertrennen des genannten Gemisches in einer Schleudertrennvorrichtung in einen vorwiegetKl ge- 
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crackten Kohlenwasserstoftteil und etnen vorwiegend verbrauchten Katalysalorteil, gekennzeichnet durch das 
Einleiten eines Quenchfluids in die genannte Schleudertrennvornchtung in den genannten, vorwiegend ge 
crackten Gasteil, aber nicht in den genannten vorwiegend verbrauchten Katalysatorteil 

2. Verfahren nach Anspruch 1, gekenn/eichnet durch das Regeneneren des genannten verbrauchten Katalysators 
mil einer Regenerationstemporatur oberhalb der genannten katalytischen Reaktionstemperatur, um rcgeneriGrtcn 
Katalysator zu erhatten. und Passteren des genannten regenerierten Katalysators zur Verwendung in dem ge- 
nannten Cracking-Schrttt 

3. Verfahren nach Anspruch 2 dadurch gekennzeichnet daQ die genannte Rogencrationstemperatur im Bereich 
zwischen im wesentlichen 650°C und 760°C liegt. 

4. Verfahren nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet daB der genannte Quenchschritt ntcht vor 
dem genannten Trennschritt durchgef uhrl wird 



5. Verfahren nach einem der Anspruche 1 bts 4, dadurch gekennzeichnet daB die genannte katalytische Reaktions- 
temperatur im Bereich zwischen im wesentlichen 510°C und 540°C liegt 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB die genannte unreaktive Temperatur 
20 wenigstens 22°C untertialb der genannten katalytischen Reaktionstemperatur liegt. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB die genannte unreaktive Temperatur etwa 22°C bis 
28''C unter der genannten katalytischen Reaktionstemperatur liegt 

25 8. Vorrichtung zum flieBkatatytischen Cracken eines Kohlenwasserstoff-Ausgangsnnaterials, umfassend: 

eine Riser-Konvertierungszone, definiert durch einen vertikal langlichen rohrenformigen Kanal (40) mit einem 
unteren aufwartigen Ende und einem oberen abwartigen Ende (49), wobei das genannte abwartige Ende in 
einem Reaktorbehatter (120) endet; 
^0 Mittel (20, 30) zum Bereitstellen einer Suspensbn aus Kohlenwasserstoff-Ausgangsnnaterial und Katalysator 

am aufwartigen Ende der genannten Riser-Konvertierungszone zum Erzeugen eines Gemisches aus ver- 
brauchtem Katalysator und gecracktem Kohtenwasserstoff. der aus dem abwartigen Ende (49) der genannten 
Riser-Konvertierungszone ablauft; und 

einen ersten Kanal (52), der das abwartige Ende (49) der genannten Riser-Konvertierungszone zu einem 
^5 Abscheider (50) unmittelbar verbindet; 



dadurch gekennzeichnet, daB der genannte Abscheider (50) folgendes umfaBt: 

einen gekrummten Trennstromungskanal, der so geformt ist. daB er bewirkt, daB das genannte Gemisch um 
ihn herumflieBt. einschlieBlich einer Trennflache (54) an der AuBenseite des gekrummten Trennstromungs- 
kanals, worin das genannte Gemisch in eine vonviegend verbrauchte katalytische Phase in Kontakt mrt der 
Trennoberflache (54) und eine vorwiegend gecrackte Kohl en wasserstoff phase schleudergetrennt wird, die 
von der genannten Oberflache beabstandet ist und an der Innenselte des gekrummten Trennstromungskanals 
liegt; und 

einen zweiten Kanal (57) zum Zutuhren eines Quenchfluids zu einer Duse (60), die sich an der Innenseite des 
gekrummten Trennstromungskanals in die gecrackte Kohlenwasserstoffphase befindet und die einen Ablauf- 
konus hat, der einen Ablaut von im wesentlk:hen dem gesamten genannten Quenchfluid in die genannte ge- 
trennte. gecrackte Kohlenwasserstoffphase bewirkt. 



Revendlcatlons 

1. Proc6d6 de craquage catalytique de fluide comprenant : 

le craquage cfune charge d'hydrocarbures en suspensk^n avec un catalyseur flukJis6 k une temp6rature de 
r6actton catalytk^ue afin de former un m6lange d'hydrocarbures craqu6s et de catalyseur us6 ; et 
la s6paratk)n dudit melange par centrifugation dans un s^parateur centrifuge en une partie contenant princi- 
palement les hydrocarbures craqu6s et une partie contenant principalement le catalyseur us6 ; 
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caractenso par le fait de 

decharger un fluidc d'extinction dans ledtt separateur centrifuge dans ladite partte contenanl principalennent Igs 
gaz craquGs mais non dans ladite partie contenant princtpalement le catalyseur use 

Procede selon la revendication 1. caracterise par le fait de regenerer ledit catalyseur use a une temperature de 
regeneration supencure a ladite temperature de reaction catalytique afin de produtre un catalyseur regcnere, et 
de passer ledit catalyseur regenere atin de I'utiliser dans ladite etapo de craquage 

Procede selon la revendication 2, caracterise en ce que ladite temperature de regeneration est comprise sensi- 
blement entre 650° et 760°C 

Procede selon I'une quelconque des revendications 1 a 3, caracterise en ce que ladite etape d'extinction ne precede 
pas ladite etape de separation 

Procede selon I'une quelconque des revendications 1 a 4, caractefise en ce que iadite temperature de reaction 
catalytique est comprise sensiblement entre 510°C et 540°C 

Proc6dG selon i'une quelconque des revendications 1 ^ 5, caracterise en ce que iadite temperature non reactive 
est au moms de 22^C inferieure a ladite temperature de reaction catalytique. 

Procede selon la revendication 6, caracterise en ce que ladite temperature non reactive est environ de 22°C a 
28*'C inferieure k ladite temperature de reaction catalytique. 

Appareil pour le craquage catalytique de fluide d'une charge d'hydrocarbures comprenant : 

une zone de conversion en cobnne montante definie par un conduit tubulaire s'etendant verticalement (40) 
ayant une extremite amont inferieure et une extremite aval superieure (49), ladite extremite aval debouchant 
dans une cuve de reaction (120) ; 

des moyens (20, 30) pour delrvrer une suspension de charge d'hydrocarbures et de catalyseur ^ rextr6mit6 
amont de ladite zone de conversion en colonne montante afin de produire un melange de catalyseur us6 et 
d'hydrocarbures craqu6s d6charg6 ^ I'extr6mit6 aval (49) de ladite zone de conversion en colonne montante ; 
et 

un premier conduit (52) connectant direclement rextr6mit6 aval (49) de ladite zone de conversion en colonne 
montante h un s6parateur (50) ; 

caractdrise en ce que : 

ledit separateur (50) comprend : 

un canal d'6coulement de separation coud6 profi(6 de mani6re ^ provoquer l'6coulement du melange dans 
ce!ui-ct, comprenant une surface de separation (54) k Texterieur du canal d'6coulement de separation coude, 
oCi ledit melange est s6par6 par centrifugatton en une phase contenant prlncipalement du catalyseur use en 
contact avec la surface de separation (54) et une phase contenant principalement des hydrocarbures craques 
espacee de ladite surface et sur Pinterieur du canal d*6coulement de separation coude ; et 
un deuxieme conduit (57) pour deiivrer un fluide d'extinction ^ une buse (60) situee ^ Pinterieur du canal 
rfecoulement de separation coude dans la phase d'hydrocarbures craques et ayant un motif de decharge 
provoquant la decharge de sensiblement tout ledit fluide d'extinction dans ladite phase d'hydrocarbures cra- 
ques separee. 
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